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(54) AnaBog processoir ffoir dSgtofl satellites 

(57) An analog processor for use with digital satel- 
lites is disclosed. The analog processor is connected 
between the receiving circuitry of the satellite and a pool 
of digital on -board processo rs, and segments the band- 
width of uplink RF beams into sub-bands that can be 
processed more readily with standard, low-risk, low- 
power digital processors. Using the present invention, 
the risk of employing a particular digital processontech- 
nology can be managed and optimized. The present 



invention also provides for the dynamic allocation and 
reallocation of the available on-b oard digital processing 
bandwidth based on t he anticipated traffic pattern and 
changes In the traffic pattern. In addition, the present 
invention facilitates the use of standard and non-stand- 
ard redundancy schemes at minimal hardware 
expense. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention is directed toward the field of s 
multi-beam communication satellites that incorporate 
on-board digital processors. In particular, an analog 
pre-processor is disclosed for use with such digital sat- 
ellites. The analog pre-processor is connected between 
the satellite's receive circuitry and the on-board digital 10 
processor(s) in order to optimize the processing capa- 
bility of the satellite, and to provide the ability to manage 
the risk of selecting a particular digital processor tech- 
nology. 

Communication satellites generally consist of a is 
payload and a bus. The bus includes the satellite struc- 
ture (or platform), electrical power system, thermal con- 
trol system, propulsion system, and orbit control 
system. The payload, which is the communications part 
of the satellite, generally includes the antenna (receive 20 
and transmit) subsystem, the repeater, and a telemetry, 
tracking and command module. The present invention 
relates to improvements in the communications satellite 
payload, in particular the repeater section of a digital 
satellite. 25 

A transparent repeater, also known as a "bent pipe" 
repeater, performs filtering, frequency and power con- 
version, and switching between beams without altering 
the baseband signal in any manner. For large band- 
width carriers (i.e. commercial communications satel- 30 
lites), this filtering and switching is performed by analog 
means. For smaller bandwidth carriers it is possible to 
perform some of the repeater functions digitally, such as 
the filtering and switching steps. 

As distinguished from the transpareht repeater, a 35 
regenerative repeater processes the baseband signal 
content of the RF uplink signal such that the individual 
carrier signals of an uplink beam are demodulated (i.e. 
the information bits of the signal are recovered). A 
regenerative repeater can also switch the demodulated 40 
data to an arbitrary output beam and time multiplex (as 
in a TDM system) the switched signals from all beams 
on to one or a few downlink carriers using an optimized 
remodulation and/or multiple access scheme, thus 
resulting in a more efficient system. Transparent repeat- 45 
ers are generally (but not always) analog systems, 
whereas regenerative repeaters generally employ on- 
board digital processors. For a basic discussion of com- 
munication satellite design considerations see M. Rich- 
haria, Satellite Communication Systems - Design sc 
Principles, McGraw-Hill, 1995. 

Recently proposed commercial satellite systems for 
use in the Ka-band spectrum (20/30 GHz) include multi- 
beam architectures with as many as 1 92 beams and on- 
board digital processing technology. The amount of fre- 51 
quency spectrum (i.e. bandwidth) in each uplink beam 
to be digitised and processed by the on-board digital 
processor(s) is typically in the range of 125 MHz, but 



could be much larger. The resultant bandwidth that 
must be processed digitally on such satellites presents 
a serious design problem. 

There is a need to design an architecture that can 
handle this bandwidth, while minimizing the risk, power, 
and size of the satellite repeater, and hence the overall 
satellite architecture. The risk associated with selecting 
a particular digital processor is determined by the band- 
width to be processed. For example, a lower power 
processor capable of processing 25 MHz of bandwidth 
that incorporates standard space-qualified hardware is 
much less risky to employ than a higher power 200 MHz 
processor that may include components and elements 
that have not been previously proven in space. 

In Figure 1 , a prior art digital satellite repeater is 
shown, having one-to-one correspondence between 
uplink beams and digital processors. In this figure, each 
uplink beam (1 -N) is shown connected to an individual 
receive element 10 of an antenna. As described below 
in the detailed description, multiple uplink beams could 
be connected to each receive element 1 0 in a process 
known as beamforming. 

A receiver 12 is connected to the receive element 
10 and receives signals covering a certain bandwidth of 
a given beam from an associated antenna by filtering 
the desired bandwidth to remove unwanted out-of-band 
signals and noise, and downconverting to a common 
intermediate frequency for all beams. This entire band- 
width is routed to mixer 16, where the received RF sig- 
nal is downconverted to a baseband signal by mixing 
with a fixed signal from a local oscillator 14. The base- 
band signal is filtered by an Image Rejection Filter (IRF) 
18, which is a low pass filter that eliminates the higher 
frequency image that is a byproduct of the frequency 
downconversion process. All of the carrier signals that 
comprise the beam are routed to one of N digital proc- 
essors 20 which perform analog to digital conversion 
and other digital processing, such as demodulation, 
switching, etc. 

The well-known elements of the repeater that are 
used to transmit downlink beams back to the earth, or to 
another satellite in the case of an inter-satellite link, are 
not shown in Figure 1 (or the rest of the figures in this 
application) for clarity. These elements include remodu- 
lation or digital remultipiexing circuitry, upconversion 
mixers for converting the processed baseband signals 
to an appropriate downlink frequency, high power ampli- 
fiers (HPA) for boosting the power of the upconverted 
signal, multiplexing where required, and the multiple 
spot-beam transmit antennas. Also not explicitly shown 
is the digital switch that is generally connected between 
the outputs of the digital processors and the downlink 
circuitry. 

In the one-to-one system of Figure 1 , N digital proc- 
essors are required. Each digital processor must be 
capable of handling the full-bandwidth (up to 125 MHz 
in the recently proposed systems) of an incoming uplink 
beam in order to provide flexibility for changing traffic 
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patterns. Presently available space-qualified low-power 
digital technology cannot handle this bandwidth. 

In reality, many of the uplink beams will have unoc- 
cupied spectrum and hence be underutilized, although 
some of the beams may be fully utilized. For example, 
an uplink beam from a heavily populated urban area 
may be fully utilized, some or all of the time, whereas a 
beam emanating from a rural area may only be partially 
used. The solution of Figure 1 is inflexible and wastes a 
tremendous amount of processing power since there is 
no mechanism for allowing underutilized digital proces- 
sors to assist with the processing of beams that contain 
a larger bandwidth of information. This system thus suf- 
fers from poor digital processor utilization, and requires 
the use of high-risk, non-proven digital processor tech- 
nology. 

Therefore, there remains a general need in the art 
of communication satellites for a digital satellite 
repeater that optimally uses available digital processing 
power. Moreover, there remains a need for such a digital 
satellite repeater that can be reconfigured in response 
to changes in the traffic pattern utilization of the satellite. 
In addition, there remains a need for such a digital sat- 
ellite repeater that uses low-power, space-qualified 
processor technology. 

More specifically, there remains a need for a digital 
satellite repeater that includes an analog pre-processor 
for switching, extracting and routing sub-bands of 
incoming uplink beams in order to optimize available on- 
board digital processing capabilities. There remains a 
further need for such an analog pre-processor that has 
the capability to adapt to changes in the traffic pattern 
by changing the way it switches and routes incoming 
beams, and by changing the portion (sub-band) of the 
incoming beam bandwidth that is extracted. 

Yet another unfulfilled need in this art is for a digital 
satellite repeater that has an architecture which can 
provide for implementation of any kind of redundancy 
scheme, at minimal hardware cost. Such a repeater 
could easily accommodate standard 2:1 or 3:2 types of 
redundancy, as well as unconventional schemes such 
as 10:8 or 12:8. These unconventional schemes, such 
as 12:8, have higher reliability than, for example, four 
3:2 conventional redundancy blocks, even though the 
amount of hardware is the same. 

SUMMARY OF THE INVENTION 

The present invention overcomes the problems 
noted above and satisfies the needs in this field for a 
digital satellite repeater that incorporates an analog pre- 
processor for switching, extracting and routing sub- 
bands from a plurality of incoming beams to a plurality 
of digital baseband processors. 

The present invention provides an analog proces- 
sor for use with digital satellite repeaters. The analog 
processor is connected between the receiving circuitry 
of the satellite and the on-board digital processors, and 



includes a switching matrix and a plurality of sub-band 
downconversion processing chains. Each sub-band 
processing chain includes a programmable frequency 
translator and bandpass filter which, in combination, 

s extract or segment a portion of the total bandwidth of an 
incoming beam into sub-bands that may have differing 
bandwidths, and which route the sub-bands to a digital 
processor where the analog signal is converted to dig- 
ital and processed. 

w The analog processor enables the digital process- 
ing power of the satellite to be optimized to the incoming 
traffic pattern of the uplink beams. If a certain beam is 
underutilized, then only spectral segments containing 
signals are extracted and routed for digital processing. 

is The unused portion of the incoming beam is not proc- 
essed. 

Some of the sub-band segments may only be par- 
tially occupied if the bandpass filter bandwidths do not 
fit evenly into the utilized spectrum (e.g. in a 125 MHz 

20 beam, if 40 MHz is occupied and the sub-band process- 
ing chains have 25 MHz bandpass filters, then 2 sub- 
band processing chains are required for the beam, 
resulting in a full 25 MHz segment from one filter and a 
partially occupied 15 MHz segment from the second fil- 

25 ter). Although in this case there is 10 MHz of wasted 
digital processing power (assuming 25 MHz digital proc- 
essors), the design tradeoff is between optimum digital 
processing and extra fitters required for increased band- 
width granularity (i.e. more filters with smaller band- 

30 widths). 

Instead of a one-to-one correspondence between 
beams and processors, the analog processor provides 
for a programmable one-to-K correspondence, where K 
could be one for underutilized beams, but in general will 

35 be greater than one for partially or fully utilized uplink 
beams. For example, if a given uplink beam is fully uti- 
lized at 125 MHz, and the satellite includes a plurality of 
25 MHz digital processors, then the analog processor is 
programmed to switch the uplink beam to 5 sub-band 

40 processing chains, and segments and routes the five 25 
MHz sub-bands for digital processing. If the traffic pat- 
tern on this beam is then changed for some reason such 
that only 75 MHz of information was being transmitted, 
the analog processor could be reprogrammed to switch 

45 the beam to only 3 sub-band processing chains. In this 
manner, the present invention is adaptable to changing 
traffic patterns, thus providing for continued optimization 
of the on board digital processing power over the life of 
the satellite. This is a major advantage of the present 

so invention over conventional digital processing repeat- 
ers. 

Using the analog pre-processor of the present 
invention, a "pool" of digital processors can be shared 
among multiple uplink beams, shifting the processing 
55 power among the beams as required by shifting beam 
utilization or traffic patterns. An additional advantage of 
the disclosed architecture is that any type of redun- 
dancy scheme can be implemented by simply adding 
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downconversion or sub-band processing chains and 
reprogramming the included switching matrix to route 
the incoming beam to the appropriate redundant 
chain(s). The analog processor also enables the use of 
lower-power, proven digital processing technology. 

As will be appreciated, the invention is capable of 
other and different embodiments, and its several details 
are capable of modifications in various respect, all with- 
out departing from the invention. Accordingly, the draw- 
ings and description of the preferred embodiments are 
to be regarded as illustrative in nature and not restric- 
tive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above advantages will become apparent from 
the following description when read in conjunction with 
the accompanying drawings wherein: 

FIG. 1 is a block diagram of a conventional one-to- 
one digital satellite repeater; 

FIG. 2 is a block diagram of a digital satellite 
repeater incorporating an analog pre-processor 
according to the present invention. 

FIG. 3 is a block diagram of an alternative digital 
repeater incorporating the analog pre-processor of 
the present invention and also including N-to-one 
correspondence between portions of incoming RF 
beams and digital processors. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, Figure 2 sets forth a 
block diagram of an analog pre-processor according to 
the present invention incorporated into a digital satellite 
repeater. As with the prior art Figure 1 , the downlink cir- 
cuitry of the present invention, including remodulation, 
upconversion, high power amplification (HPA), and the 
multi-beam transmit antennas are omitted from the 
drawings for clarification. In addition, the digital switch 
that is generally connected between the digital proces- 
sors 20 and the downlink circuitry is not shown. These 
elements are well known in the art of satellite repeaters 
and will not be discussed in detail, other than to note 
their presence in the end-to-end repeater design. 

Figure 2 includes some of the same elements as 
the prior art one-to-one digital regenerative repeater, 
including at least one antenna having a plurality receive 
elements 10 for receiving beams of information, labelled 
Beam 1 to Beam N. For illustration purposes only, Fig- 
ure 2 shows all N incoming uplink beams being routed 
through a single analog pre-processor. These N beams 
form a "group" of beams. A group may consist of any- 
where from one to all of the beams of a particular multi- 
beam configuration. Alternatively, and depending upon 



the number of beams in the satellite system, several 
groups of beams could be formed, and in this case each 
group of beams would have an associated analog pre- 
processor for the group. Thus the present invention 

5 envisions the use of multiple analog pre-processors, 
with a groip of beams assigned to each analog proces- 
sor. Grouping of beams in this manner for switching sig- 
nificantly reduces the size of the switching matrix 22, 
although at the expense of interbeam connectivity and 

70 flexibility. 

In addition, Figure 2 shows a single receive ele- 
ment 10 and uplink beam per receiver 12, although, 
alternatively, a beam can be formed from a combination 
of receive elements 10 from a given antenna. This is 

is done using multiple receive elements, the angular offset 
of the particular elements setting the direction of the 
beam. The multiple receive elements 10 of the given 
antenna are then connected to the inputs of a beam- 
former to form a composite signal. A beamformer is a 

20 device which modifies the characteristics of the signals 
from the receiver elements, in some fashion, in order to 
provide a composite signal with more desirable charac- 
teristics. In order to improve performance, a vector 
product of adjacent beams is performed in the beam- 

25 former to obtain characteristics such as lower sidelobes 
or wider coverage area. This technique is known as 
beamforming. Although not explicitly set forth in Figure 
2 (since Figure 2 shows a one-to-one correspondence 
between receive elements 10 and receivers 12), in a 

30 digital satellite with beamforming, the beamformer is 
preferably positioned between several of the receive 
elements 10 and a receiver 12. 

Alternatively, beams may be formed by a phased 
array antenna. Here, the antenna has a set of discrete 

35 receive or transmit elements on a fixed grid, which is 
generally rectangular or hexagonal. The beams are 
pointed or directed by phase shifting the outputs of each 
individual element appropriately so that only signals 
received from the desired direction add coherently. This 

40 is done by performing a complex vector dot product, 
either analog or digital, between the received signals 
and the desired direction vector to form a set of beam- 
former outputs. This is also known as beamforming. 
Regardless of the method of forming the received 

45 beams of information at 10, the signals are then routed 
to receivers 12. Each receiver 12 generally consists of 
low noise amplification (LNA) stages, followed by a 
downconversion stage to a frequency that is compatible 
with the NxM Switching Matrix 22. Alternatively, instead 

so of positioning the beamformer between the receive ele- 
ments 10 of the antenna and the receiver 12, the beam- 
forming can be performed after the LNAs and before the 
downconverters of the receiver circuits 12, or could be 
done after both the LNAs and downconverters. 

55 The RF signal in each uplink beam consists of a 
number of "carriers". Optimally, the carriers in each 
beam are contiguous in order to minimize the number of 
sub-band processing chains required. The signals from 
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the N receiver circuits 12 are routed to the inputs of an 
NxM switching matrix 22, which preferably has a cross- 
bar switch architecture implemented with microwave 
switches, but could alternatively be any other type of 
switching matrix architecture, and could be imple- 5 
mented with other switching technologies, such as a 
solid-state QaAs switches, or waveguide switches. 

In the NxM switch matrix 22, any input can be 
routed to any of the M outputs, but each of the M out- 
puts can only be connected to one input. The switch 10 
matrix 22 is configured, and can be reconfigured, to 
route the incoming beams to the required number of 
sub-band processing chains 28, 30 depending on the 
number of carriers (i.e. the bandwidth) of the incoming 
uplink signal to be processed. is 

Each sub-band processing chain consists of a 
downconverter or mi*er 30, a variable local oscillator 
( VLO) 26, and a band pass filter (BPF) 28. The mixer 30 
takes as inputs one of the uplink beams from the NxM 
switch and a selectable frequency translation signal 20 
from a variable local oscillator 26. The frequency trans- 
lation signal from the VLO 26 is preferably generated by 
the analog pre-processor, but could be from an external 
source, or could be selected from a set of fixed local 
oscillators, supplied either internally or externally to the 25 
analog pre-processor. 

The sub-band processing chains extract or seg- 
ment a portion of the incoming RF uplink spectrum. In 
order to accomplish this functional result, the frequency 
translation signal from the VLO 26 must be selectable or 30 
programmable over the bandwidth of the incoming RF 
signals. The frequency ofvthe VLO 26. is selected in 
order to bring -the desired carriers (sub-band) into the 
passband of the subsequent bandpass filters 28. This 
method permits the same type of filters 28, with the 3s 
same center frequency and bandwidth response, to be 
used for all of the BPF's. This is not a requirement of the 
present invention however, as any type of BPF can be 
used, including filters having different center frequen- 
cies and bandwidths. For example, several smaller 40 
bandwidth chains may be included to handle known low 
utilization beams with higher bandwidth chains for pro- 
jected high utilization beams. 

The bandpass filters 28 are preferably surface- 
acoustic wave (SAW) devices, and also function as anti- 45 
aliasing filters (AAF) for subsequent digitization. A SAW 
filter is preferable in this situation because of its linear 
phase characteristics (very low signal degradation) and 
very narrow transition region. The narrow transition 
region allows a minimum sampling rate to be used, thus so 
reducing the required digital processing. Before analog- 
to-digital conversion is performed, an anti-aliasing filter- 
ing operation is carried out to prevent out-of-band 
energy from being folded into the band of interest and 
thus interfering with the signal of interest- This is done ss 
so that the digitization can be performed either at an 
intermediate frequency, or baseband. 

After passing the extracted or segmented sub-band 



through the bandpass filters 28, the sub-band is down- 
converted to baseband using a mixer 26 and fixed local 
oscillator 14, and passed through the image rejection fil- 
ter (IRF) 1 8. The baseband sub-band signal is then con- 
verted to digital and processed by a digital processor 
20, which may perform demodulation and digital switch- 
ing of the baseband signals. 

Although Figure 2 shows a real downconversion to 
baseband, the repeater could alternatively employ a 
complex (l/Q) decomposition and downconversion. In 
addition, although downconversion to baseband is 
shown, alternatively, downconversion to an intermedi- 
ate frequency by mixer 16 could be carried out followed 
by an intermediate frequency analog-to-digital conver- 
sion. 

Having described the elemental connections of the 
present invention it is illustrative to consider several 
examples of how the analog pre-processor can be used 
to manage and optimize the risk of choosing a particular 
digital processor technology. Assume a hypothetical 8- 
beam digital satellite having at least one antenna with a 
plurality of receive elements 10 for receiving the uplink 
beams. Each beam may include up to 1 25 MHz of infor- 
mation spread over a number of carriers. In, addition, 
assume that based on traffic studies performed for this 4 vm 
satellite. 2 of the uplink beams will be completely uti- ^ 
lized (125 MHz). 2 of the beams will be only partially uti- ^ 
lized (75 MHz typically), and the remaining 4 beams will ^ 
be generally underutilized (25 MHz average). Thus the 
total average bandwidth that needs to be processed is 
500 MHz (2x1 25 + 2x75 + 4x25 = 500 MHz). ^ 

Using the one-to-one architecture of Figure 1 , each 
digital processor must be capable of processing 125 
MHz of bandwidth in order to provide flexibility for -It 
changing traffic patterns, resulting in a total processing 
capability of 1 GHz (8 processors x 125 MHz = 1GHz). 
Thus, half of the processing capability of the satellite is 
wasted. In addition, the satellite design would be fairly 
risky since space-qualified digital processors capable of 
operating on this bandwidth are not readily available. 

In addition to wasted digital processing, redun- 
dancy is difficult and costly to implement with this prior 
art design. A standard 2:1 redundancy scheme would 
require a doubling of the hardware in order to provide a 
redundant path for each processor. This would be very 
costly in terms of space, power, and mass, and would 
thus drive up the cost of the satellite. 

However, using the analog pre-processor for digital 
satellites disclosed in Figure 2, an architecture can be 
provided which optimizes the selection of digital hard- 
ware and thereby manages the risk of using a particular 
technology. Assuming the same situation as above, the 
level of risk viewed as acceptable is determined, and 
the hardware is accordingly selected. For example, 
assuming a minimum risk design. 25 MHz low-power, 
space-qualified digital processors are utilized. Knowing 
that the typical overall satellite bandwidth to be proc- 
essed is 500 MHz, at least 20 sub-band processing 
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chains and associated digital processors are selected. 
To be on the safe side, several additional chains are 
added in order to deal with additional traffic, or with a 
potentially expanding traffic pattern. In this manner, the 
design is selected to match the level of risk deemed 
acceptable. 

In operation, the NxM switching matrix 22 is config- 
ured to route the incoming beams to the appropriate 
number of sub-band processing chains. The two fully 
utilized beams (125 MHz) are routed to five sub-band 
processing chains, each connected to a 25 MHz digital 
processor 20. The partially utilized beams (75 Mhz) are 
routed to three sub-band processing chains, and the 
underutilized beams (25 MHz) are routed to one sub- 
band processing chain. This connectivity can be 
changed over the lifetime of the satellite as general traf- 
fic patterns change, or even on an hourly basis for daily 
traffic fluctuations, e.g. during business hours. 

Each sub-band that contains carriers of interest is 
then extracted or segmented from the total bandwidth of 
the uplink beam by selecting the frequency of the varia- 
ble local oscillator 26 to bring the sub-band within the 
passband of the BPF 28. In this example, the passband 
of the BPFs is at least 25 MHz in order to accommodate 
the maximum sub-band, but as stated above, could be 
designed to be narrower in order to provide finer granu- 
larity for certain underutilized beams. In this manner the 
total digital processing power of the satellite is matched 
or optimized based on the incoming traffic pattern of the 
uplink beams. In addition, as the traffic pattern changes, 
the satellite can be re-optimized by reconfiguring the 
NxM switch matrix 22 and re-selecting the translation 
frequency of the VLOs 26. 

Alternatively, a higher risk design may be accepta- 
ble, using digital processors capable of processing a 
larger bandwidth than 25 MHz, such as 75 MHz proces- 
sors. Assuming again a 500 MHz total traffic pattern as 
described above and 75 MHz digital processors, the 
design of the analog pre-processor is again optimized 
by matching the processing capability to the projected 
traffic pattern. 

Using the example traffic pattern from above, the 
two fully utilized beams (125 MHz) are each routed to 
two sub-band processing chains and two 75 MHz proc- 
essors, the partially utilized beams (75 Mhz) are routed 
to one sub-band processing chain, and the underuti- 
lized beams are each routed to one sub-band process- 
ing chain. In this configuration, a minimum of 11 sub- 
band processing chains are required, but again addi- 
tional chains could be added to accommodate expand- 
ing or changing traffic patterns. In addition, the 
passband of the BPFs 28 are increased to accommo- 
date the maximum 75 MHz sub-band, the NxM switch 
matrix 22 is configured to appropriately route the incom- 
ing uplink signals to the sub-band processing chains, 
and the selectable VLOs 26 are programmed to extract 
the appropriate segments or sub-bands of the overall 
uplink beam bandwidth. 



In a similar manner to the two examples above, 
given any particular bandwidth to process digitally, the 
analog pre-processor is used to optimize the amount of 
digital hardware required. Thus the analog pre-proces- 

5 sor provides for a programmable optimized design that 
can be re-optimized based on changing traffic patterns, 
and which can flexibly accommodate various redun- 
dancy schemes with minimal hardware impact. 

A satellite using the present invention includes the 

10 added advantage ol being able to support any type of 
redundancy scheme by simply adding sub-band 
processing chains. For example, in the hypothetical sys- 
tem above where 20 sub-band processing chains are 
used, a conventional 2:1 redundancy scheme can be 

is designed by adding an additional 20 sub-band process- 
ing chains. However, it is desirable to use other, non- 
conventional redundancy schemes, such as 10:8 or 
12:8 as these schemes minimize the total amount of 
additional hardware to achieve a given level of redun- 

20 dancy. The present invention facilitates these types of 
redundancy schemes by adding sub-band processing 
chains and configuring the switch matrix. Since the 
switch matrix 22 can switch any beam to any sub-band 
chain, a failure of any sub-band processing chain or any 

25 digital processor can be overcome by rerouting that 
beam to one of the redundant chains. Thus a high level 
of reliability can be achieved while minimizing the 
increase in hardware. 

Turning now to Figure 3, an alternative embodiment 

30 of the present invention is set forth. The satellite 
repeater of Figure 3 is identical to that of Figure 2, 
except that after the sub-band processing chains but 
before the downconversion to baseband circuitry, a 
summer or combiner circuit 24 is used to combine the 

35 sub-bands from several sub-band processing chains. 
This architecture uses higher-risk digital processing 
technology, but retains the advantages of the present 
invention in being able to optimize the processing power 
to a potentially changing traffic pattern, and also retains 

40 the advantages of flexibility, programmability, and 
redundancy. 

The only change needed to operate the digital 
repeater of Figure 3 is that the bandpass filters BPFs 28 
must have adjacent and non-overlapping center fre- 

45 quencies and bandwidths so that when combined the 
bandwidth out of the summer 24 is equal to the sum of 
the bandwidths of the individual BPFs 28. Applying the 
hypothetical example above which included 8 uplink 
beams and a 500 MHz average bandwidth requirement, 

so the system of figure 3 can be optimized to segment, 
route, combine and process the uplink signals. 

For example, assume the selection of higher-risk 
125 MHz digital processors. At least four processors will 
be required to process the average 500 MHz bandwidth. 

55 although in a real design an additional 125 MHz proces- 
sor would likely be added to handle increases in traffic 
flow, and another processor or two could be added for 
redundancy purposes. By distinction, and further estab- 
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iishing the advantages of the present invention, the prior 
art digital repeater would require at least 8 1 25 MHz dig- 
ital processors, plus additional 125 MHz processors rf a 
redundancy scheme is implemented. 

Assuming the selection of 25 MHz bandpass filters 5 
28, five sub-band processing chains will feed each sum- 
mer circuit 24, for a total of 20 sub-band processing 
chains. Each bandpass filter 28 in a group of five will 
have a different center frequency and may have differ- 
ent bandwidths, although for this example the assump- 10 
tion is that all BPFs have a 25 MHz passband. The 
combination of the five sub-band extracted signals is 
combined by the summer 24 and subsequently down- 
converted to baseband for digital processing. 

Using the alternative architecture of Figure 3, the is 
processing power of the satellite can be optimized for a 
higher-risk digital processing technology, while main- 
taining the granularity of a lower-risk processor system. 
The system of Figure 3 digitally processes 125 MHz 
combined sub-bands, but has the ability to switch, seg- 20 
ment and route much smaller 25 MHz sub-bands. Such 
a combination of functionality is not possible with prior 
art digital satellite repeaters. 

Having described in detail the preferred embodi- 
ments of the present invention, it is to be understood 25 
that the invention could be carried out with circuitry dif- 
ferent than the circuitry specifically described in the 
examples given herein. In addition, the particular com- 
ponent values and circuit elements making up the 
invention can be readily determined by those of ordinary 30 
skill in the art based on the present disclosure. These 
preferred embodiments are presented only by way of 
example in order to teach the best mode the inventors 
know for carrying out the invention and are not meant to 
limit the scope of the present invention which is defined 35 
by the following claims. 

Claims 

1 . An analog processor for use with a digital satellite 40 
having at least one receive antenna for receiving 
uplink beams and a plurality of digital processors 

for processing the uplink beams, the analog proc- 
essor comprising: 

45 

at least one switching matrix connected to the 
at least one receive antenna; and 
a plurality of sub-band processing chains con- 
nected between the outputs of the at least one 
switching matrix and the plurality of digital proc- so 
essors. 

2. The analog processor of claim 1 , wherein the sub- 
band processing chains segment a sub-band of the 
uplink beam for digital processing by translating the ss 
frequency of the uplink beam to form a translated 
signal and by filtering the translated signal to form a 
sub-band. 
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3. The analog processor of claim 2, wherein the sub- 
band processing chains include a mixer and local 
oscillator that translate the frequency of the uplink 
beam. 

4. The analog processor of claim 3, wherein the sub- 
band processing chains include a bandpass filter 
that filters the translated signal. 

5. The analog processor of claim 3, wherein the fre- 
quency of the local oscillator is selectable. 

6. The analog processor of claim 4, wherein the band- 
pass filter is a surface-acoustic wave device. 

7. The analog processor of claim 4, wherein the sub- 
band processing chains include a downconverter 
connected to the bandpass filter that converts the 
segmented sub-band of the uplink beam to a base- 
band signal. 

8. The analog processor of claim 7. wherein the down- 
converter performs a real downconversion. 

9. The analog processor of claim 7, wherein the down- 
converter performs a complex downconversion. 

10. The analog processor of claim 1, wherein the at 
least one switching matrix and sub-band process- 
ing chains can be reconfigured to accommodate 
changing traffic patterns of the uplink beams. 

11. The analog processor of claim 1, wherein the at 
least one antenna is a multi-beam antenna having a 
plurality of receive elements, and wherein the 
beams are formed from the individual receive ele- 
ments of the multi-beam antenna. 

12. The analog processor of claim 1. wherein the at 
least one antenna is a multi-beam antenna having 
an analog beamformer, and wherein the beams are 
formed from the outputs of the analog beamformer. 

13. The analog processor of claim 1, wherein the at 
least one antenna is a phased array antenna having 
an analog beamformer and wherein the beams are 
formed from the outputs of the analog beamformer 
of the phased array antenna. 

14. The analog processor of claim 1, further including 
at least one summer circuit connected between one 
or more of the plurality of sub-band processing 
chains and at least one of the digital processors. 

15. A digital satellite repeater comprising: 

at least one antenna having a plurality of 
receive elements for receiving uplink RF 
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beams; 

a switching matrix connected to the plurality of 
receive elements for switching the uplink RF 
beams to a plurality of switched outputs; 
a plurality of sub-band processing chains con- s 
nected to the plurality of switched outputs for 
extracting a portion of the bandwidth of the 
uplink RF beams; and 

a plurality of digital processors connected to 
the sub-band processing chains for digitizing 10 
and processing the extracted portion of the 
uplink RF beams. 

16. The digital satellite repeater of claim 15, wherein 

the sub-band processing chains include a fre- is 
quency translator and bandpass filter. 

17. The digital satellite repeater of claim 16, wherein 
the frequency translator includes a variable local 
oscillator and a mixer. 20 

18. The digital satellite repeater of claim 15, wherein 
the sub-band processing chains include a down- 
converter for converting the extracted portion of the 
uplink beam to a baseband signal. 25 

19. The digital satellite repeater of claim 15, wherein 
the switching matrix and sub-band processing 
chains can be reconfigured. 

30 

20. A digital satellite having receive elements for 
receiving uplink RF signals and a plurality of digital 
processors for processing the uplink RF signals, the 
digital satellite including: 

35 

means for switching the received uplink RF sig- 
nals; and 

means for extracting sub-bands of information 
from the switched RF signals, and for routing 
the sub-bands to the plurality of digital proces- 40 
sors. 

21. The digital satellite of claim 20, wherein the means 
for extracting sub-bands includes means for trans- 
lating the switched RF signals, and means for filter- 45 
ing the translated signal. 

22. The digital satellite of claim 21 , wherein the means 
for translating includes a variable local oscillator 
and a mixer. so 

23. The digital satellite of claim 21 , wherein the means 
for filtering is a band-pass filter. 

24. The digital satellite of claim 21 , further including ss 
means for downconverting the extracted sub-band 

of information to a baseband signal prior to digital 
processing. 



25. The digital satellite repeater of claim 24, wherein 
the means for downconverting is a real downcon- 
verter. 

26. The digital satellite repeater of claim 24, wherein 
the means for downconverting is a complex down- 
converter. 

27. A method of processing uplink beams in a digital 
communication satellite having at least one 
antenna with a plurality of receive elements for 
receiving the uplink beams, the method comprising 
the steps of: 

(a) switching the received beams; 

(b) segmenting at least one sub-band from 
each of the received uplink beams; and 

(c) routing the segmented sub-bands to a plu- 
rality of digital processors that digitally process 
the sub-bands. 

28. The method of claim 27, wherein the segmenting 
step further includes the steps of: 

(b)(i) translating the frequency of the uplink 
beam to form a translated signal; and 
(b)(ii) bandpass filtering the translated signal to 
form a segmented sub-band. 

29. The method of claim 28, further including the step 
of: 

(d) downconverting the segmented sub-bands 
prior to digital processing. 
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processed more readily with standard, low-risk, low- 
power digital processors. Using the present invention, 
the risk of employing a particular digital processor tech- 
nology can be managed and optimized. The present 
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invention also provides for the dynamic allocation and 
reallocation of the available on-board digital processing 
bandwidth based on the anticipated traffic pattern and 
changes in the traffic pattern. In addition, the present 
invention facilitates the use of standard and non-stand- 
ard redundancy schemes at minimal hardware 
expense. 
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